A new type of slowly growing, nonphotochromogenic mycobacterium was recovered from two patients with disseminated disease. The growth characteristics, acid fastness, and mycolic acids were consistent with those for Mycobacterium species. The results of biochemical investigations, lipid analyses, and comparative 16S rRNA sequencing showed that these isolates represent a new slowly growing Mycobacterium species which is named Mycobacterium conspicuum.
A new type of slowly growing, nonphotochromogenic mycobacterium was recovered from two patients with disseminated disease. The growth characteristics, acid fastness, and mycolic acids were consistent with those for Mycobacterium species. The results of biochemical investigations, lipid analyses, and comparative 16S rRNA sequencing showed that these isolates represent a new slowly growing Mycobacterium species which is named Mycobacterium conspicuum.
Mycobacteria are aerobic, nonmobile bacteria that are characteristically acid fast (28) . The property of acid fastness, which is due to waxy materials in the cell wall, is particularly important for recognizing mycobacteria. Members of the genus Mycobacterium are widespread in nature and range from soildwelling saprophytes to pathogens of humans and animals (29) . Identification of mycobacteria has traditionally relied upon biochemical tests and lipid analysis (10, 24) . More recently, molecular methods, in particular, 16S rRNA sequencing, have been developed to improve conventional identification procedures (20) . During routine application of 16S rRNA sequence determination for the identification of mycobacteria, it has become clear that the genus Mycobacterium is much more diverse than previously anticipated and harbors a significant number of yet to be described pathogens (8, 11, 12, 16) . In this report we describe a new Mycobacterium species, Mycobacterium conspicuum, that was isolated repeatedly from two patients with disseminated mycobacterial infection.
CASE REPORTS
Case report 1. The patient was a 27-year-old male with an uncharacterized cellular immunodeficiency (CD4 count, 21/ mm 3 ; CD4/CD8 ratio, 0.2) who presented with pneumonia. Serological tests for human immunodeficiency virus types 1 and 2 were negative. The former medical and family histories were unremarkable except for a brother with general pancytopenia who died of a disseminated infection with Mycobacterium avium. Sputum was cultured for mycobacteria, and a triple regimen that included isoniazid, rifampin, and pyrazinamide was started under the impression that the patient had pulmonary tuberculosis. Despite treatment, acid-fast bacilli remained present in the patient's sputum and the patient's condition worsened. Therapy was subsequently changed to isoniazid, prothionamide, and ethambutol, resulting in clinical improvement.
Three months later the patient was readmitted to the hospital because of multiple skin lesions. A biopsy specimen was obtained, and the specimen revealed the presence of acid-fast bacilli. Therapy with rifampin, streptomycin, prothionamide, thiacetazone, and ethambutol was introduced. Four months later the patient was readmitted because of signs of disseminated mycobacterial infection. Following intravenous application of a multiple-drug therapy including rifampin, streptomycin, prothionamide, and ethambutol the patient's condition improved. Subsequently, therapy was changed to an oral application that included thiacetazone, and this therapy was given for 12 months. Following the discontinuation of drug therapy the patient was readmitted 6 months later, again with signs of disseminated mycobacterial infection (acid-fast bacilli present in pleural fluid, sputum, skin lesions, and stool). Despite treatment with streptomycin, clarithromycin, and rifabutin, the patient died 2 months later.
Case report 2. The patient was a 24-year-old male, was an intravenous drug abuser, and was infected with human immunodeficiency virus. The previous medical history included Pneumocystis carinii pneumonia, Candida esophagitis, and wasting. Acid-fast bacilli were seen in multiple samples of sputum and feces, and mycobacteria were repeatedly recovered by culture from blood and sputum. The symptoms at the time of isolation of mycobacteria were weight loss, fever, and pancytopenia; the CD4 count was 40/mm 3 . A triple drug regimen including rifabutin, ciprofloxacin, and ethambutol resulted in clinical improvement and disappearance of the fever. The patient was dismissed because of his mental status (AIDS dementia complex). Three months later the patient died with severe wasting.
MATERIALS AND METHODS
Bacterial strains. Several isolates (3895/92 T , 3226/93, 3227/93, 3228/93, 3229/ 93, and 3230/93) were recovered from blood, sputum, and skin biopsy specimens of patient 1. Of the mycobacteria recovered from cultures of blood from patient 2, isolate FI 19134 was chosen for further analysis.
The isolation methods used were the standard methods used for the isolation of mycobacteria from clinical specimens, i.e., radiometric culturing in combination with Löwenstein-Jensen slants (24) . Löwenstein-Jensen slants were always incubated under ambient conditions. Colony morphology and the ability to grow at various temperatures (22, 31, 37, 41, and 45ЊC) were determined after 4 weeks of incubation on Löwenstein-Jensen slants. The other strains used in the study were obtained from the strain collection of the National Reference Laboratory for Mycobacteria, Forschungsinstitut Borstel, Borstel, Germany.
Identification. The following properties were determined as described previ-ously (10, 24, 26) : production of nicotinic acid, acetamidase, benzamidase, urease, isonicotinamidase, nicotinamidase, pyrazinamidase, and succinamidase; nitrate reduction; Tween hydrolysis; acid phosphatase; arylsulfatase; catalase; ␤-galactosidase; tellurite reduction; and growth on NaCl (5%), MacConkey agar, 
Growth at: TCH, and hydroxylamine. Drug susceptibility testing and determination of MICs were done by a radiometric method as described previously (22, 23) . Lipid analyses. Lipid analyses were carried out by thin-layer chromatography (TLC), gas-liquid chromatography (GLC), and high-performance liquid chromatography (HPLC).
TLC was done with whole organism methanolysates. Freeze-dried bacteria (50 mg) were degraded by treatment at 75ЊC with 3 ml of methanol-toluene-sulfuric acid (30:15:1; vol/vol/vol) for 16 h. Long-chain components were extracted with hexane, and traces of acid were removed by passage through a short column containing ammonium hydrogen carbonate. The hexane extracts were examined by TLC on plates (20 by 20 cm) coated with a 0.25-mm layer of silica by using a solution containing petroleum ether (boiling point, 60 to 80ЊC) and diethyl ether (85:15; vol/vol) as the developing phase. For two-dimensional chromatography on plates (10 by 10 cm), triple development with a mixture containing petroleum ether and acetone (95:5; vol/vol) in the first direction was followed by single development with toluene-acetone (97:3; vol/vol) in the second direction.
Fatty acids were analyzed by using fatty acid methyl esters obtained from wet biomass (approximately 40 mg) by saponification, methylation, and extraction as described previously (3, 6, 17) . The fatty acid methyl ester mixtures were separated by gas-liquid chromatography by using the Microbial Identification System (Microbial ID, Newark, Del.), which consisted of a Hewlett-Packard model 5980 gas chromatograph fitted with a 5% phenylmethyl silicone capillary column (0.2 mm by 25 m), a flame ionization detector, a Hewlett-Packard model 3392 integrator, a Hewlett-Packard model 7673A automatic sampler, and a HewlettPackard model 216 computer (Hewlett-Packard, Palo Alto, Calif.). Peaks were automatically integrated, and fatty acid identities and percentages were calculated by using the Microbial Identification System Library Generation Software (Microbial ID). The gas chromatographic parameters were as follows: the carrier gas was ultra-high-purity hydrogen, the column head pressure was 60 kPa, the injection volume was 2 l, the column split ratio was 100:1, the septum purge rate was 5 ml/min, the column temperature was increased from 170 to 270ЊC at a rate of 5ЊC/min, the injection port temperature was 250ЊC, and the detector temperature was 300ЊC.
HPLC was performed on the mycolic acids extracted from whole cells as reported previously (2) . Briefly, the fatty acids were saponified with a 25% KOH solution in 50% ethanol for 1 h in an autoclave at 121ЊC. After acidification with 18.5% HCl, mycolic acids were extracted with chloroform and were derivatized to their UV-adsorbing p-bromophenacyl esters (5); after a further acidification a final chloroform extraction was performed. A total of 100 l of the extract was spiked with 5 l of a high-molecular-weight standard (Ribi; ImmunoChem, Hamilton, Mont.), and 5 l was injected into a reverse-phase C 18 Ultrasphere-XL cartridge column of a HPLC System Gold model (Beckman, Palo Alto, Calif.) equipped with a 166 model detector set at 260 nm. The elution conditions changed linearly from 98% methanol-2% dichloromethane to an 80-20% mixture in 1 min and to a 35-65% mixture over the next 9 min (flow rate, 2.5 ml/min). At the end of the run the column was reequilibrated for 1 min to the initial conditions.
The representative pattern of the strains was visually compared with our library of Mycobacterium HPLC profiles and with those of all of the species whose profiles had been published; for a more accurate comparison, single peaks were identified and labelled on the basis of their relative retention times, calculated by dividing the retention time of each peak by the retention time of the internal standard (7) .
rRNA sequencing and phylogenetic analysis. Nucleic acid extraction and signature sequencing were performed as described previously (12) . Strain 3895/92 T was chosen for a more detailed analysis. The nearly complete 16S rRNA gene was amplified by PCR, and the sequence was determined as described previously (21) . With the sequencing strategy which we used, we determined the nucleotides of isolate 3895/92 T at 1,433 contiguous positions. The sequence obtained was aligned with selected 16S rRNA sequences as described previously (21) . For the phylogenetic analysis regions of uncertainty in the alignment were omitted (positions 38 to 49 and positions 1399 to 1433 of the sequence, corresponding to Escherichia coli positions 83 to 95 and positions 1449 to 1542, respectively); this reduced the number of positions used from 1,433 to 1,386. Pairwise distances were calculated by weighting nucleotide differences and insertions-deletions equally (Hamming distances). A phylogenetic tree was constructed by using the neighbor joining method as described previously (21, 25) .
Nucleotide sequence accession number. The EMBL nucleotide sequence accession number for strain 3895/92 T is X88922.
RESULTS AND DISCUSSION
Cells of the various isolates grown on Löwenstein-Jensen agar were coccobacilli and acid-alcohol fast. No spores, capsules, or aerial hyphae were observed.
On Löwenstein-Jensen slants the isolates grew as dysgonic,
Comparison of representative high-performance liquid chromatograms of the mycolic acid bromophenacyl esters of M. conspicuum and M. terrae (peaks are labelled as described previously [7] ). IS, internal standard; RT, retention time. smooth, yellowish, nonphotochromogenic colonies within 14 to 21 days when they were incubated at temperatures ranging from 22 to 31ЊC. The properties of the various isolates are given in Table 1 . The enzymatic activities and metabolic properties demonstrate that our strains differ from previously described species. Among all tests for enzyme activities, only tests for Tween hydrolysis and arylsulfatase activity were consistently positive; acid phosphatase activity was variable. The strains do not grow at 37ЊC except in liquid medium (BACTEC 12B); no growth was seen on MacConkey agar or in the presence of 5% NaCl. Detailed determinations of the MICs of a variety of drugs with antimycobacterial activity are given in Table 2 . Strain 3895/92 T was chosen for lipid analysis by TLC, GLC, and HPLC. The separation of the whole organism's acid methanolysates by TLC developed in two dimensions produced a multispot pattern composed of alpha-, keto-, and omega-dicarboxy-mycolates plus a spot of alcohols. This pattern is widely distributed among mycobacteria (14, 15, 18) .
The separation of the fatty acid methyl esters by gas-liquid chromatography (Table 3 ) by using the Microbial Identification System revealed the expected fatty acid pattern containing unbranched saturated and unsaturated fatty acids as well as tuberculostearic acid (13) . Small amounts (1.1%) of 2-methylbranched dodecanoic acid (2-Me-12:0) could also be found. The hydrolysis products of the wax esters octadecanol and eicosanol, which are coeluted with the fatty acid methyl esters, were present in high amounts (7 and 30%, respectively) . Two fatty acids with unknown structures showing an equivalent chain length (ECL) of 14,487 for peak A (2.0%) and 16,488 for peak B (2.5%) could also be detected. For peak A the electron impact mass spectrum displayed peaks at masses of 256 (M ϩ and 87 (CH 3 O-CO-CH 2 -CH 2 ) ϩ ; all of these are typical of fatty acid methyl esters. The mass peaks of peak A correspond to a saturated fatty acid methyl ester with an uneven number of carbon atoms (C 15 ), as do those of peak B (C 17 ). By comparing the ECLs of peaks A and B (14,489 and 16,488, respectively) with the ECLs of known fatty acids of the same chain length, it can be assumed that both are methyl-branched saturated fatty acids with a methyl branch between positions C-10 and C-15 ( Table 4) .
The occurrence of tuberculostearic acid together with undecanol and eicosanol in the fatty acid pattern classifies strain 3895/92
T into a group of mycobacteria, which includes M. avium-M. intracellulare, M. scrofulaceum, M. terrae, M. nonchromogenicum and M. phlei (19) . Strain 3895/92 T has the same mycolic acid pattern as the mycobacteria listed above, which is composed of alpha-, keto-, and omega-dicarboxy-mycolates (4) . In contrast to the five mycobacteria, 3895/92 T also synthesizes two branched fatty acids with 15 and 17 carbon atoms, respectively. The occurrence of these two unknown branched fatty acids (peaks A and B, respectively) differentiates 3895/ 92
T from all other mycobacteria. Analysis of mycolic acids by HPLC for isolates 3895/92 T , 3227/93, and FI 19134 revealed an identical profile which is characterized by an early cluster of major peaks; this is followed by a minor, clearly separated second cluster (Fig. 1) . Such a profile is different from any other published mycobacterial pattern; in our HPLC library, the new pattern most closely resembled that of M. terrae. An analysis of the hypervariable region in the 16S rRNA sequence corresponding to E. coli positions 129 to 270, which is known to be specific for mycobacteria at the species level (12, 20) , revealed that isolates 3895/92 T , 3226/93, 3227/93, 3228/93, 3229/93, 3230/93, and FI 19134 had identical sequences. The sequence which we determined differed from those of the homologous regions of all previously described species of slowly growing mycobacteria. Strain 3895/92 T was chosen for use in determining an almost complete 16S rRNA sequence. A phylogenetic tree that shows the natural relationships among the mycobacteria (Fig. 2) was constructed by using equally weighted (Hamming) distances (Table 5 ). The short interknot branch lengths observed do not allow the position of 3895/92 T in this tree to be determined with certainty. On the basis of 16S rRNA sequence homology, strain 3895/92 T shares greater than 98.5% sequence homology with a number of mycobacterial species, including M. asiaticum, M. gastri, M. kansasii, M. haemophilum, M. szulgai, and M. malmoense (Table 6) .
The strains described in this report were isolated from two immunocompromised patients presenting with disseminated mycobacterial infections. The vulnerability of immunocompromised patients, in particular patients with AIDS, to infections with nontuberculous mycobacteria, e.g., M. avium, M. genavense, and M. celatum, is well known (1, 9, 27) . The two case reports described here suggest that M. conspicuum has a pathogenic potential similar to those of other nontuberculous pathogenic mycobacteria.
Characteristics which differentiate M. conspicuum from other mycobacteria. M. conspicuum shows a quite distinct metabolic reaction pattern which can rarely be confused with those of other mycobacterial species. M. conspicuum synthesizes alpha-and keto-mycolates and wax esters. The fatty acid pattern is composed of saturated and unsaturated unbranched fatty acids and tuberculostearic acid. The alcohols octadecanol and eicosanol are also found. Diagnostic are the occurrence of two branched fatty acids (C 15:0 and C 17:0 ), which could be detected in small amounts. M. conspicuum is characterized by a unique 16S rRNA sequence, as well as a distinct HPLC profile, which differentiates it from previously described Mycobacterium species.
Taxonomic description of Mycobacterium conspicuum sp. nov. Mycobacterium conspicuum (Lat. con.spi.cuus, for conspicuous, the unique biochemical profile of this species). Cells are acid-alcohol-fast coccobacilli. Does not form spores, capsules, or aerial hyphae. Visible growth from dilute inocula requires 2 to 3 weeks; colonies on Löwenstein-Jensen agar are dysgonic and nonphotochromogenic. Growth occurs at 22 and 31ЊC. Biochemical characteristics are given in Table 1 ; drug susceptibilities are given in Table 2 . M. conspicuum synthesizes alpha-and keto-mycolates and wax esters; the short-chain fatty acid profile is given in Table 3 . A phylogenetic tree based on an evaluation of 16S rRNA sequences places M. conspicuum within the group of slowly growing mycobacteria. The organism was isolated in cultures of samples from two patients with disseminated infection. Strain 3895/92
T is the type strain; a culture of this strain has been deposited in the Deutsche Sammlung von Mikroorganismen und Zellkulturen as strain DSM 44136. 
